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INTRODUCTION
The longevity of insects can be altered in the laboratory by age-specific selection on fecundity. Sokal (1970) and Mertz (1975) selected for high fecundity at early ages in Tribolium. They obtained a correlated reduction in adult life span, although results were not consistent across replicates in either experiment. Conversely, selection for high fecundity at later ages results in increased longevity (Wattiaux 1968a (Wattiaux , 1968b Rose and Charlesworth 1981; Luckinbill et al. 1984; Rose 1984c ). Increased mean life span is associated with reduced fecundity of young adult females (Rose and Charlesworth 1981; Luckinbill et al. 1984; Rose 1984c ). This pattern of postponed senescence and concomitant reduction in early-life fitness is implicit in the "antagonistic pleiotropy" hypothesis for the evolution of senescence (Williams 1957; Rose 1983) : genes favored by natural selection because of early beneficial effects have later, pleiotroic, deleterious effects that engender senescence. This is an inherently physiological hypothesis, which calls for elucidation of the underlying physiological mechanisms that give rise to antagonism between early-life and late-life fitness characters. Rose (1984c) produced by selection five replicate populations of Drosophila melanogaster that exhibit increased mean longevity relative to five control populations. These populations have several advantages for physiological studies of life history variation: (1) they are derived from a common base population, (2) differences between long-lived and short-lived flies that are consistent across replicates must arise from the basic biological requirements of increased longevity, and (3) a great deal is already known about the biology of D. melanogaster.
Our goal is a mechanistic understanding of the evolutionary modification of life history. One avenue of approach to that goal is the comparative physiology of longlived and short-lived flies, and this paper reports our initial physiological investigations. The specific question motivating the ' Samples of 1,200-1,500 eggs were obtained from each of the 10 stock populations and transferred at a density of 30 eggs per vial to 25 X 95-mm shell vials containing the usual banana-agar medium. Subsequently, each generation of experimental flies was used to produce the next experimental generation at approximately 2-wk intervals. Forty to 50 virgins (per population) were collected from each generation and arbitrarily paired with males from different rearing tubes. Mated females were allowed to feed and oviposit individually in tubes containing yeasted charcoal medium (Rose 1979 ) for 48 h and were then discarded. Thirty eggs were collected from each laying tube and transferred to a fresh rearing tube containing bananaagar medium. Thus, each population of experimental flies was maintained over several generations at a controlled density with controlled mating. Experimental flies were taken from the second and subsequent generations. Effective population sizes were 60-80 per generation after the initial sampling from stocks. Flies from the same rearing tube constituted sibships, and in each experiment only one female and one male were used from each tube.
The 2-wk interval between experimental generations amounted to a relaxation of selection for the O populations. In addition, the relatively small population sizes in the experimental lines would have given rise to inbreeding artifacts (cf. Rose 1984a, 1984b) if they had been maintained for many generations. (It should, however, be pointed out that these artifacts would give rise to a failure to detect systematic differentiation rather than to spurious inferences.) Therefore, after seven experimental generations we decided to derive a second series of experimental generations from the stock populations.
Stocks and experimental flies were maintained at 25 C under a 24L:OD regime. Food was always abundant in the rearing tubes used for experimental flies.
HEAT STRESS
Foam-plastic test tube stoppers (35 mm long) were used to confine adult flies to the lower 15 mm of weighted, empty 25 X 95-mm shell vials. The flies were subjected to thermal stress in a water bath consisting of a 20-liter glass aquarium equipped with an immersion circulator/ heater. The space available to the flies was kept completely submerged, with the tops of the vials protruding above the water surface. Flies were tested at 36, 37, 38, and 39 C, the upper and lower limits of the range being determined by practical necessity. A common temperature for induction of heat-shock puffing in polytene chromosomes is 37 C (Ashburner and Bonner 1979). Males and females were tested separately.
There were four flies in each vial. Flies tested simultaneously constituted experimental blocks, a complete block consisting of one vial per population for each of 10 populations. Thus, 40 flies were tested simultaneously and an experiment com-prised as many as 10 blocks. Water temperature variation was less than 0.1 C throughout an experiment. Each vial was examined at regular intervals (1-10 min depending on the temperature used), and the number of immobile flies was recorded. In this manner, it was possible to estimate the time to complete immobility of each fly. Lack of mobility is not equated with death. In general, however, immobile flies virtually never recovered after the termination of heat stress.
In our initial series of experiments, the tops of the vials used for stressing flies were open to the atmosphere. Thus, humidity was not controlled. In order to distinguish the effects of heat from possible effects of desiccation, we conducted additional experiments at 38 C. In one experiment, --0.7 g of absorbent rayon and 5 ml of distilled water were added to each shell vial in the space above a short (17 mm) foam-plastic plug used to confine the flies. The tops of the vials were covered with Parafilm M laboratory film, and a small hole was made in the film in order to relieve pressure. These flies were thereby maintained at or near 100% relative humidity during the heat stress. In a second experiment, the rayon and water were replaced by 3 g of calcium sulfate-indicator desiccant (size, 8 mesh).
STARVATION
Short foam-plastic plugs were used, as before, to confine five adult flies to the lower 15 mm of 25 X 95-mm shell vials. Approximately 0.7 g of absorbent rayon and 5 ml of distilled water were added above the plugs, and the open ends of the vials were covered with Parafilm. Experimental vials were organized into blocks; however, all blocks were run concurrently, rather than consecutively as in the heat stress tests. Males and females were tested simultaneously. Vials were examined every 12 h, and the number of dead flies was recorded. Tests were conducted at room temperature (24-25 C).
DESICCATION
Flies were sacrificed using the same methods as those used in the starvation tests, with the following changes: (1) 3 g desiccant was used in place of the absorbent rayon and water, and (2) the observation interval was 2 h.
AGE-SPECIFIC STARVATION AND DESICCATION
Starvation and desiccation tests were conducted repeatedly on one experimental generation. Starvation tests were conducted during the first, second, third, fourth, and sixth weeks of adult life and desiccation tests during the first, second, third, and fifth weeks. Procedures were identical to those outlined above, except that 3 ml rather than 5 ml of water per vial was used to maintain humidity in the starvation tests.
Rearing-tube cohorts were transferred intact to fresh food tubes every 3-5 days. Only one female and one male were used per cohort per test per week. However, cohorts were sampled over several weeks, so tests conducted in different weeks are not strictly independent. During weeks 2-4, temperatures in the laboratory declined ~0.5 C.
ETHANOL VAPOR
Using methods similar to those of the starvation tests, adult flies were exposed to ethanol vapor at room temperature. In place of water, 5 ml of 45%, 30%, or 15% ethanol solution in distilled water was added to the vials. The observation interval was 10-30 min depending on ethanol concentration. Males and females were tested consecutively rather than concurrently. Flies were also subjected to heat and ethanol vapor stresses simultaneously. Procedures were identical to those outlined above for the heat stress tests with distilled water, except that 15% ethanol solution was used. Tests were conducted at 38 C only.
FLY WEIGHTS
Adult flies <l-wk-old from eclosion were sampled from rearing tubes. As usual, only one female and one male were taken from each tube. Flies were frozen individually in microcentrifuge tubes at -55 C. Wet and dry weights of whole flies were determined with a Cahn electronic microbalance, flies being desiccated at 55-60 C for 24 h.
STATISTICAL METHODOLOGY
The comparisons of interest are between flies from populations that exhibit postponed senescence and those from populations that do not. We were not interested in the causes or patterns of within-population variation. Accordingly, we have used the five B population means and five O population means in each experiment as the basic data for analysis. Throughout, ttests with 8 degrees of freedom are used, the null hypotheses being that there are no differences between B and O treatment means. We present two-tailed probabilities for the t-statistics, although one-tailed tests could be justified based on our a priori expectation of greater stress resistance in O flies. Differences among populations within treatments did not display consistent patterns. We have chosen, therefore, to present only the overall treatment means and their associated standard errors (each based on five population averages). . 2) . However, the direction of difference is consistent over all temperatures, and a combined probability test (Sokal and Rohlf 1981, p. 779) indicates that O population females are significantly more resistant than B females to heat stress under conditions of uncontrolled humidity (P < .01). When humidity is maintained at a high level, there is no significant difference between B and O population means at 38 C for either sex (table 1) . For females, the direction of difference is opposite to that in tests with uncontrolled humidity. In the presence of desiccant, O males are significantly more resistant than B males to heat stress at 38 C; there is no significant difference for females (table 1). 
AGE-SPECIFIC STARVATION AND DESICCATION
The relatively greater resistance of O flies to starvation and desiccation at room temperature (tables 2 and 3) is consistent over all ages examined (figs. 3-6): the differences are statistically significant (P < .05) at all ages for both sexes for both stresses, except for females subjected to desiccation at 33 days of adult age. Resistance to desiccation declines with age for both sexes (figs. 5 and 6). For females, there is a striking increase with age in resistance to starvation (fig. 4) , especially during the first 2 wk after eclosion. NOTE.--Generation 6 flies were 16 days old from eclosion; generation 7 flies were 13 days old from eclosion. Average sample size for each population was 34 in generation 6, and 32 in generation 7. Parsons ( 
